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ABSTRACT 
The diamondback moth, Plutella xylostella (Linnaeus) (Lepidoptera: Plutellidae), is a 
cosmopolitan insect pest of Brassica crops. In South Africa, there are no action thresholds 
for its chemical control which makes it difficult for growers to make informed decisions on 
when to apply insecticides and how frequently to apply them in order to achieve optimal 
crop yield. To contribute towards optimum application of insecticides against P. xylostella, 
this study compared the impact of weekly and bi-weekly applications of a selective 
insecticide Dipel® (Bacillus thuringiensis Berliner var. kurstaki) applied at 250 g/ha, and a 
broad-spectrum insecticide Dichlorvos (an organophosphate) applied at 1 ml/L against 
biological control (Control) on the pest population density on cabbage during October–
December 2011 and March–May 2012. The use of both selective and broad-spectrum 
insecticides for experiments enables us to understand if efforts to optimise cabbage yield 
depend mainly on effective suppression of P. xylostella densities. Furthermore, 
investigations were carried out to determine the impact of these chemicals on parasitism 
rates of P. xylostella and species richness of its primary parasitoids. 
During the October–December 2011 growing season, the lowest infestation of P. xylostella 
occurred on cabbage plots that received weekly application of Dipel and the highest on 
untreated control plots. Cabbage weights were negatively related to infestation levels, 
implying that weekly application of Dipel yielded bigger cabbage heads. During March–
May 2012, P. xylostella infestations were again higher on the control followed by weekly 
and bi-weekly treatments of Dichlorvos, then weekly and bi-weekly applications of Dipel. 
Despite the significant differences observed, infestation levels were much lower (< 1 P. 
xylostella per plant on average) in all treatments during this season. Consequently no 
significant differences in cabbage weights were observed among the treatments. The lower 
infestation levels were attributed to higher parasitism levels (≥50 %), especially during the 
early stages of crop development. 
A total of four parasitic Hymenoptera species were recorded from P. xylostella larvae and 
pupae during October–December 2011, while three species were recorded during March–
May 2012. However, Cotesia vestalis (Haliday) (Braconidae) accounted for >80 % of total 
xi 
 
parasitism levels in all treatments. Parasitism levels were not significantly different among 
the treatments in both seasons. Parasitoid species richness was highest on the control. 
Although two parasitoid species were recorded in all Dipel and Dichlorvos treatments 
during October–December 2011, only one parasitoid species was recorded in the Dipel 
treatments during March–May 2012 compared to two species in Dichlorvos treatments.  
Although weekly applications of Dipel ensured good yield and crop quality during 
October–December, weekly applications of the chemical did not lead to better quality crop 
during March–May crop growing season. Thus, it is not necessary to apply insecticides 
during periods in which natural mortality of P. xylostella is high due to parasitoids. Since 
P. xylostella abundance was a determining factor of crop quality, these results imply that 
insect pest management should focus mainly on suppressing its numbers. Furthermore, 
there was no evidence that application of either insecticide type had a negative impact on 
parasitism rates of P. xylostella. The lower parasitoid species richness on Dipel treated 
plots was the consequence of its higher efficiency in suppressing the pest population which 
substantially reduced availability of potential hosts for parasitoids, hence only the efficient 
C. vestalis was recorded at low host densities. 
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1 
General introduction 
 
1.1 Literature review  
Cabbage, Brassica oleracea L. var. capitata, is one of the most important vegetable 
crops in South Africa, particularly in rural and peri-urban areas where consumption is 
increasing (Kfir, 1997). This crop is mooted to have cancer-preventing properties (Brooks 
et al., 2001), and is rich in Vitamin C, β-carotene, lutein, DL-α-tocopherol and phenolics 
(Singh et al., 2006). It can be eaten raw in a coleslaw salad or cooked prior to consumption. 
Commercially, it is estimated that 2,600 ha were planted in 2010 resulting in a harvest of 
150,845 tonnes (FAO STAT, 2012). This figure can be misleading as cabbage is also sold 
at the farm gates and in street markets whose sales are not incorporated into the national 
statistics. Kfir (1997) suggested that about 9,000 ha were planted annually resulting in a 
harvest of about 450,000 tonnes.  
However, successful production of cabbage and other Brassica crops is threatened by 
a variety of insect pests, of which the diamondback moth, Plutella xylostella (L.) 
(Lepidoptera: Plutellidae) (Plate 1.1), is considered the most damaging throughout the 
world (Talekar and Shelton, 1993; Furlong et al., 2013). The larvae affect the yield and 
crop quality by direct feeding on the leaves (Plate 1.2) and also reduce their marketability 
by contaminating the produce. The annual cost of chemical control of P. xylostella and 
yield losses on Brassica crops throughout the world are now estimated at US$4-5 billion 
(Zalucki et al., 2012), which is a substantial departure from the previous estimate of US$1 
billion (Talekar and Shelton, 1993) that is widely cited in the literature.  
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Plate 1.1 Adult Plutella xylostella 
 
Plutella xylostella was first reported in South Africa in the early 1900s by Gunn 
(1917), who also studied its biology. However, it was only in the 1930s that serious interest 
was developed in its pest status. Ullyett (1947) studied its natural mortality factors, and 
cited parasitoids as the most important mortality factor acting in a density-depended 
manner. However, growers continued to view insecticides as an easier option, and no 
attempt was made to exploit the use of natural enemies against P. xylostella. For a long 
time, P. xylostella was not considered an economic pest in South Africa, as insecticides 
appeared to provide effective control (Nofemela and Kfir, 2005). However, the pest was 
again brought back into the national research agenda in the early 1990s, as solutions were 
urgently needed to curb the insecticide resistant populations that were causing serious 
economic losses in different parts of the country (Dennill and Pretorius, 1995; Kfir, 1997).  
It was subsequently established that P. xylostella had developed multiple resistance to 
carbamates, synthetic pyrethroids and organophosphates (Sereda et al., 1997), yet these 
chemicals are still on the list of recommended insecticides for use against it (Anonymous, 
2007). Currently, P. xylostella resistance to insecticides is so serious that farmers spray 
their crops at least twice a week using high doses and/or cocktails of insecticides in an 
attempt to suppress its population density (Dennill and Pretorius, 1995; Sereda et al., 
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1997). Furthermore, it remained undetermined if all Brassica growers adhere to 
recommendations for reduction of residue levels for each class of insecticide before harvest 
of the crop as given in Anonymous (2007), as to the best of my knowledge there is no 
statutory body that inspects produce for insecticide residue levels on produce sold locally. 
This practice clearly has serious implications for the health of consumers and the 
environment. 
 
 
Plate 1.2 Plutella xylostella larvae feeding on a cabbage leaf 
 
Following the reports of insecticide resistance in P. xylostella, there was renewed 
interest in biological control, particularly in the use of parasitoids against P. xylostella 
(Kfir, 1997). This was prompted by the fact that P. xylostella had seized to be an economic 
pest in some countries where parasitoids had been introduced, and insecticide applications 
reduced. Lim (1986) suggested that countries that continue to be plagued by it appear to 
lack effective parasitoids. Since most of the insecticides used by farmers are broad-
spectrum (Sereda et al., 1997), it was speculated that their indiscriminate use by growers 
possibly led to decimation of its natural enemies. Thus, P. xylostella outbreaks were 
believed to be the result of failure of insecticides to provide effective control and the 
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absence of its natural enemies (Nofemela and Kfir, 2005). Comparison of parasitoid species 
richness and abundance when insecticides are intensively used (Dennill and Pretorius, 
1995) and where no insecticides were used (Kfir, 1997) near Pretoria, showed that 
insecticides had a negative effect on parasitoids, as Kfir recorded 21 parasitoid species 
compared to only one parasitoid species in the Dennill and Pretorius study. Kfir (2004) 
further demonstrated that the indiscriminate application of insecticides can be detrimental 
to parasitoids, as P. xylostella occurred in much higher densities in sprayed than in 
insecticides free cabbage fields, when using an insecticide check method. The insecticide 
check method makes use of the selective toxicity of an insecticide to kill a large proportion 
of natural enemies while leaving the pest population unaffected (De Bach and Huffaker, 
1971). Luck et al. (1999) deemed this to be a good experimental technique for evaluating 
the efficacy of natural enemies. Nevertheless, there is a general paucity of large-scale (> 1 
ha) and long-term (> 2 years) studies that have investigated the impact of insecticides on 
natural enemies of insect pests (Macfadyen and Zalucki, 2012).  
 
1.2 Motivation for the study 
In many parts of the world, the pest status of P. xylostella began to increase in the 
1950s, and by the 1970s it had become an economic pest. Although resistance to 
insecticides was long suspected to be the cause for its high pest status, it was only in the 
1980s that studies confirmed that P. xylostella had developed resistance to commonly used 
insecticides of the day (Talekar and Shelton, 1993). Since then, Talekar and Shelton (1993) 
and Zhao et al. (2006) have affirmed that P. xylostella has an ability to develop resistance 
to all insecticide classes used against it. The use of synthetic insecticides has often led to 
serious environmental problems besides affecting the health of users and consumers 
(Carson, 1962). Thus, reduction in application frequency may deliver significant socio-
economic and environmental benefits in the form of safe, healthy, and affordable food. The 
extensive indiscriminate use of organophosphates, pyrethroids and carbamates which also 
eliminate natural enemies creates the need for more insecticides usage (i.e., the so called 
insecticide treadmill), increase production costs, and leads to development of insecticide 
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resistance (Saxena et al., 1989; Rabindra et al., 1995; Joia et al., 1996; Renuka and 
Regupathy, 1996).  
Ullyett (1947) suggested that biological control is an important alternative insect pest 
control method to synthetic insecticides. Several other researchers such as Kfir (1997) and 
Waladde et al. (2001) showed that parasitoids are an important mortality factor of P. 
xylostella during November–May. Thus, the ability of parasitoids to suppress pest 
population density in subsequent generations can reduce crop damage (Monnerat et al., 
2002). Nofemela (2013a) remarked that the impact of parasitoids on P. xylostella 
infestation levels is quantified using percentage parasitism level. The precision with which 
such a method estimates parasitoid impact on the host population density depends on the 
sampling method used, but several factors (e.g., sampling host stages other than those that 
are actually attacked by the parasitoid(s), and failure to refer to the density of the host 
population sampled), can lead to serious errors in estimation of parasitism levels (Van 
Driesche, 1983; Van Driesche et al., 1991). For integrated pest management, parasitism 
level is used as a tool to decide whether or not insecticides should be applied in reference 
to the predetermined economic threshold of the pest (Dent, 1991; Nofemela, 2013a).  
Since parasitoids may not always provide effective suppression of insect pest 
populations due to influence of abiotic or biotic factors (Castle and Naranjo, 2009; Zalucki 
et al., 2009; Nofemela, 2013b), an often advocated approach for sustainable management 
for P. xylostella involves application of insecticides only when the impact of biological 
control agents is low, a form of integrated pest management (IPM) (Beck et al., 1992; 
Talekar and Shelton, 1993; Heisswolf et al., 1997; Walker et al., 2002). However, the 
integration of insecticides and biological control agents has proven difficult to practice in 
many crop systems (Higley and Peterson, 2009; Nofemela, 2013a). Trumble (1998) 
attributes the low adoption of IPM to occurrence of multiple insect pest species on a single 
crop such that they may require frequent application of insecticides. In such cases, it may 
be advantageous to use broad-spectrum insecticides with a short residual period. Thus, it is 
imperative to determine if broad-spectrum insecticides with a short residual period indeed 
have a little disturbance on population densities of the biological control agents. However, 
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there is paucity of studies that have directly contrasted effects of selective and broad-
spectrum insecticides on biological control agents in the field. 
 
1.3 Problem statement 
Long-term data sets exist on influence of parasitoids on population dynamics of P. 
xylostella in South Africa (Kfir, 1997; Waladde et al., 2001; Nofemela 2013c). Although 
these studies show that parasitoids play an important role in suppressing pest population 
densities during November–May, but it remained undetermined if this impact is equivalent 
to that of application of an effective insecticide. In addition, it remained undetermined if 
insecticides need to be applied on a weekly basis during periods of low parasitoid impact 
in order to achieve optimal crop yield. Furthermore, previous studies comparing the 
relative efficacy of parasitoids or other natural enemies of insect pests and chemical 
control either investigated their impact in only one season and in small non-replicated 
plots, and only one insecticide was used (DeBach and Huffaker, 1971; Luck et al., 1999; 
Kfir, 2004; Macfadyen and Zalucki, 2012). Documentation of field differences is necessary 
because laboratory bioassays may not be directly extrapolated to field conditions. For 
example, if adult parasitoids die as a result of insecticide applications, but the progeny 
survive when they are developing inside insecticide-resistant P. xylostella immature stages 
(Iqbal and Wright, 1996), then we should expect parasitoid population densities to be 
greater in large than in smaller fields. Similarly, if inadequate spray coverage on the crop is 
one mechanism by which adult and immature parasitoids survive insecticide application, 
then we should expect more parasitoids to survive in a large field better than in a small 
plot. Both scenarios may lead to different outcomes in fields of different sizes. Clearly, 
these questions suggest a strong need to perform replicated experiments in larger fields for 
results to be applicable to cabbage growers.  
 
1.4 Introduction to study insects 
Plutella xylostella is believed to have originated from Europe (Hardy, 1938; Carter, 
1984), but on the basis of high diversity of its wild host plants and a rich guild of parasitoid 
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species associated with it, Kfir (1998) is of the view that it may have originated from 
Southern Africa. This pest is now present wherever Brassica species occur, and it is 
considered the most universally distributed of all Lepidoptera (Meyrick, 1928). Plutella 
xylostella has high net reproductive potential and each female can lay about 200 eggs 
mainly on upper leaf surface or on the stem bases near the soil-stem interface (Sarfraz et 
al., 2007). Although it feeds and oviposits in nearly all Brassica species, it has 
demonstrated preference for some species over others (Sarfraz et al., 2007).  
Eggs hatch after 4–8 days depending on temperature and larvae feed on leaves, buds, 
flowers, siliques, the green outer layer of stems and also developing seeds within the older 
siliques (Anonymous, 2000). Depending on food supply, the moth has a short life cycle 
(averaging 14 to 21 days at 25 ºC and is capable of migrating long distances using 
trajectory winds (Harcourt, 1957). In many areas with snow during winter, the moths do 
not survive and these areas are reinvaded each spring by populations carried by the winds. 
It is multi-voltine with up to 20 overlapping generations a year in tropical and temperate 
warm countries (Harcourt, 1986; Vickers et al., 2004) including South Africa (Nofemela, 
2010). 
Parasitoids are free living as adults, and have immature life stages that develop to 
maturity or at least to the pupal stage on or within a single host, and ultimately killing the 
host (Nofemela and Kfir, 2008). Most insect parasitoids attack only a particular life stage 
of their host species. The immature parasitoids can regulate the developmental rate of their 
hosts to maximise acquisition of nutrients (Hoffmann and Frodsham, 1993). Female 
parasitoids use a variety of olfactory, visual, tactile, and gustatory cues to recognize 
suitable host species and to distinguish between different sizes and/or developmental 
stages of the same host (Vinson, 1984; Godfray, 1994; van Alphen and Jervis 1996). It 
completes host-selection process by inserting its ovipositor into the host to further evaluate 
its suitability and nutritive quality, and if acceptable, it lays an egg (Vinson, 1984; 
Godfray, 1994). Adult parasitoids are often more susceptible to chemical insecticides than 
their hosts. Hoffmann and Frodsham (1993) conceded that immature parasitoids, especially 
if protected within the egg of their host or in their own cocoon, may survive pesticides 
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better than the free-living adults, but immature parasitoids die if their host are killed by 
insecticide poisoning.  
 
1.5 Hypotheses 
1) If insecticides are not applied every week until crop harvest, the crop is of low quality. 
2) Parasitism rates and parasitoid diversity are higher on plots sprayed with selective 
insecticides than broad-spectrum insecticides. 
 
1.6 Aims and specific objectives of the study 
The specific objectives for this study are:  
1) To compare the influence of season on efficacy of chemical and biological control 
methods in suppressing P. xylostella,  
2) To compare cabbage yield and quality on plants sprayed with different insecticide 
regimes against those that were not sprayed,  
3) To assess whether the broad-spectrum insecticide has a greater negative effect on 
parasitism rates of P. xylostella, and 
4) To determine whether parasitoids species richness differs depending on the insecticide 
type used. 
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2 
General materials and methods 
 
2.1 The study site and experimental plots 
The experiments were conducted at Baviaanspoort Correctional Services Centre 
(25º38’S 28º30’E, altitude 1164 m) in Pretoria, South Africa, during October–December 
2011, and March–May 2012. In both seasons, cabbage (B. oleracea L. var. capitata) 
seedlings, cultivar Green Star (Starke Ayres, Centurion, South Africa), were transplanted 
on 28 plots of 10 m × 16.6 m each with a spacing of 2 m between plots. In each plot, 10 
raised-bed ridges of approximately 1.2 m wide and 10 m in length each were made. The 
spacing between ridge beds was 60 cm, and three rows were made on each ridge bed with 
plant spacing of 40 cm. Thus, a total of 750 cabbage seedlings were transplanted in each 
plot. At any given time at the landscape level, there were other cabbage fields that may 
have served as reservoirs for P. xylostella and its natural enemies. Since experimental plots 
were not contained in insect exclusion cages, P. xylostella and its parasitoids were free to 
move between plots and this movement is assumed to have been proportionately the same 
in all plots. 
 
2.2 Treatments and experimental design 
Seven treatments were used in this study: a) the untreated Control; b) Dipel1 (Dipel® DF, 
a Bacillus thuringiensis Berliner var. kurstaki, Valent Biosciences, Somerset West, South 
Africa) applied at supplier’s recommended low dose of 250 g/ha at weekly intervals; c) 
Dipel2 applied at 250 g/ha at bi-weekly intervals (i.e., every second week); d) Dipel3 
applied at 250 g/ha every week until cabbage heads developed, which was eight weeks after 
transplanting the plants; e) Dichlorvos1 (Dichlorvos EC, an organophosphate, Villa Crop, 
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Kempton Park, South Africa) applied at supplier’s recommended dose of 1 ml/L at weekly 
intervals; f) Dichlorvos2 applied at 1 ml/L at bi-weekly intervals; g) Dichlorvos3 applied at 
1 ml/L every week until cabbage heads developed. These insecticides had not been used 
against P. xylostella at the study site prior to this study. Complement® Super (A non-ionic 
wetter/ spreader/ penetrant surfactant, Syngenta SA, Halfway House, South Africa) was 
added to each insecticide treatment at supplier’s recommended dose of 100 ml per ha. All 
chemical solutions were applied using 16 litre hand-operated knapsack sprayers with flat 
fan nozzles at 4.8-5.5 bar, and the quantities used were adjusted accordingly.  
The seven treatments were allocated among the 28 plots in a complete randomized block 
design making 4 replicates for each treatment. All chemical applications commenced 3 
weeks after transplanting cabbage seedlings, and were stopped 1 week before harvest for 
weekly (Dipel1 and Dichlorvos1) and bi-weekly (Dipel2 and Dichlorvos2) treatments. 
Standard cultivation practices that included fertilizer application, irrigation and weeding 
were followed. The plots were irrigated using overhead sprinklers twice a week, but 
irrigation was withheld for 2 days after each insecticide application.  
 
2.3 Plutella xylostella infestations and data collection 
Plutella xylostella larvae and pupae were monitored on each treatment plot at weekly 
intervals from 3 weeks after transplanting cabbage seedlings until 1 week before harvest of 
cabbage heads. In each treatment plot, 10 randomly selected plants (excluding outer 2 rows 
in each plot) were thoroughly inspected every week and the numbers of P. xylostella larvae 
and pupae (i.e., infestation levels) found on the leaf surface in each plant were recorded. All 
insecticide applications were on the day following crop monitoring events.  
 
2.4 Crop quality and yield 
On the day before crop harvest, the total plant population, numbers of plants with 
multiple heads and marketable heads were counted and recorded on each plot. Multiple 
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heads are defined here as cabbage plants whose apical meristem was damaged by herbivory 
in the early stages of plant development such that several small cabbage heads are formed 
from the same stem. Cabbages were regarded as marketable when the head size exceeded 
30 cm in diameter from base across the circumference to the other size of the base using a 
flexible measuring tape. At harvest, 100 marketable cabbage heads were randomly selected 
from each treatment (i.e., 25 cabbage heads per plot), and each was cut at the interface 
between the head and the stem. To facilitate bagging, the 4 outer leaves were removed from 
each cabbage head, and each head was weighted on a calibrated electronic scale (Digital 
Weighing Indicator, Model DI-20, Teraoka Weigh Systems PTE LTD, Singapore).  
 
2.5 Determination of P. xylostella parasitism levels 
In order to determine parasitism levels, samples of P. xylostella larvae (3rd and 4th instars) 
and pupae, and pupae of its parasitoids were collected during scouting at weekly intervals. 
The decision to estimate parasitism levels only from third and fourth instar hosts is based 
on the realization that parasitism rates accumulates over the larval instars, as all known P. 
xylostella larval parasitoids complete their larval development once the host has reached 
the fourth instar (Nofemela and Kfir, 2005). Sample sizes ranged from 12 – 206 
individuals depending on infestation levels. The samples were taken to the insectary 
(ARC–Plant Protection Research Institute, Rietondale campus (25º44’S 28º13’E) in 
Pretoria) where they were maintained at 25 ± 1 °C, 65 ± 5 % r.h., and L16: D8 
photoperiod. The larvae were provided with sections of fresh cabbage leaves and held 
individually in Petri dishes. The leaves were replaced every 2nd day until the all larvae 
pupated or parasitoid pupae formed. The samples of P. xylostella pupae and parasitoid 
pupae were confined individually in glass vials (2.5 × 10 cm). All emergent parasitoids 
were identified and their incidence determined. Parasitism rates were calculated as the 
percentage of emergent parasitoids out of total samples of P. xylostella and parasitoid 
pupae for each week and treatment. Thus, the impact of parasitoids on P. xylostella 
population density was determined from parasitism of corresponding infestation levels. 
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However, samples that died of unknown causes were excluded from calculations of 
parasitism.   
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3 
The influence of season on comparative efficacy of chemical 
and biological control methods in suppressing Plutella 
xylostella infestation levels on cabbage 
 
3.1 Abstract  
This study compared the efficacy of two insecticide types (Dipel® applied at 250 g/ha, 
and Dichlorvos applied at 1 ml/L) against biological control in suppressing Plutella 
xylostella population density on cabbage during October–December 2011 and March–May 
2012. Biological control impact was evaluated by monitoring parasitism rates of the pest. 
The insecticides were applied in three regimes: weekly until crop harvest, bi-weekly, and 
weekly until cabbage head formation. During the October–December season, P. xylostella 
infestations were lowest on cabbages that had weekly application of Dipel followed by the 
bi-weekly application, then weekly applications of Dichlorvos and higher on bi-weekly 
Dichlorvos and the control. It was also established that plant infestation increased linearly 
with infestation levels up to four P. xylostella per plant. Cabbage head weights were higher 
on plots that received weekly applications of Dipel and lower on control plants, and those 
that received bi-weekly Dichlorvos application. During the March–May season, P. 
xylostella infestations were higher on control plants followed by weekly and bi-weekly 
treatments of Dichlorvos, then weekly and bi-weekly applications of Dipel. However, 
infestation levels were very low in all treatments during this season. Consequently, no 
significant differences in cabbage head weights were observed among the treatments. The 
lower infestation levels during the second season on the control were due to higher 
parasitism levels (>50 %) during the early stages of crop development compared to the first 
season. The results of this study suggest that Dipel is better than Dichlorvos in suppressing 
pest density, especially during October–December, a high infestation season. Although 
weekly applications of Dipel maximized yield during October–November, this regime had 
no economic benefit when natural mortality of P. xylostella due to parasitoids was high 
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during March–May. Thus, this study provides baseline data for optimising insecticide 
applications against P. xylostella in South Africa. 
Keywords: diamondback moth; infestation levels; proportion of plants infested; Dipel; 
Dichlorvos; parasitoids; cabbage yield; weather; monitoring; economic threshold 
 
3.2 Introduction 
Effective suppression of Plutella xylostella population density is vital to successful 
production of Brassica crops in many parts of the world (Talekar and Shelton, 1993; 
Furlong et al., 2013). Currently, this pest is estimated to cost Brassica growers worldwide 
US$ 4-5 billion annually in direct crop losses and management costs (Zalucki et al., 2012). 
Its high pest status in many countries stems from its extreme ability to develop resistance to 
all insecticide classes (Zhao et al., 2006). This is particularly acute in Southeast Asia where 
insecticides lose their efficiency within a few years due to continuous exposure of the pest 
to insecticides (Talekar and Shelton, 1993; Zhao et al., 2006).  Thus, it is imperative that 
use of insecticides be optimised in order to delay development of insecticide resistance 
(Sarfraz and Keddie, 2005). Integration of insecticides with biological control, particularly 
use of parasitoids, is seen as a promising alterative to only chemical control.  
Where biological control programmes were initiated against P. xylostella mainly relying 
on parasitoid introductions (Talekar and Shelton, 1993; Sarfraz et al., 2005) the frequency 
of insecticide applications was significantly reduced due to effective suppression of the pest 
density by the introduced parasitoids (Kfir and Thomas, 2001; Löhr et al., 2007). Despite 
many researchers appreciating the role of parasitoids in suppressing P. xylostella 
populations (Poelking, 1986; Sastrosiswojo and Sastrodihardjo, 1986; Talekar et al., 1986; 
Ooi, 1992; Nofemela and Kfir, 2005), growers continue to apply insecticides 
indiscriminately often without any regard for levels of natural suppression of the pest by its 
natural enemies (Sarfraz et al., 2005; Nofemela, 2013a). Because growers mainly use 
broad-spectrum insecticides, it is believed that over-reliance on insecticides has not only 
led P. xylostella to develop resistance, but also resulted in widespread decimation of its 
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natural enemies in many areas (Grzywacz et al., 2010; Upanisakorn et al., 2011). 
Therefore, it is vital for proponents of biological control to convince growers that 
parasitoids, when effective, can suppress P. xylostella populations and lead to quality crop 
as good as application of any effective insecticide. That will not only help conserve 
efficacy of insecticides and parasitoid populations, but it will also pave a way for effective 
integration of biological and chemical control methods in areas where efficacy of 
parasitoids varies within and between seasons. 
In South Africa, detailed studies on influence of parasitoids on population dynamics of 
P. xylostella were conducted on unsprayed cabbage fields during February 1992–January 
2008, and the patterns as influenced by field temperatures are now well-established. 
Parasitoid-inflicted P. xylostella mortality is very high (≥50 %) during November–May, 
which maintains infestation levels mostly <1 P. xylostella per plant. Due to low parasitism 
levels (<50 %) during winter (June–August) and early spring (September–October), 
population density of the pest is very high (usually >10 P. xylostella per plant) in spring 
(Kfir, 1997; Waladde et al., 2001; Smith, 2004; Nofemela and Kfir, 2005; Nofemela, 
2010). However, low winter temperatures (<13 °C average) also keep the pest population 
densities low (Nofemela, 2010). Since no action and economic thresholds have been 
developed for P. xylostella in South Africa, growers apply insecticides indiscriminately 
which has led the pest to develop resistance to carbamates, pyrethroids and 
organophosphates in some areas (Dennill and Pretorius, 1995; Sereda et al., 1997). 
Although it is necessary for insecticides to be applied during spring to reduce high 
infestation levels (Nofemela and Kfir, 2005; Nofemela, 2010), it has remained 
undetermined if they need to be applied every week and throughout the season in order to 
achieve good yield. Furthermore, it was never quantified if parasitoid-inflicted mortality 
during periods of high parasitism is similar to that of an effective insecticide in suppressing 
the pest densities, and if it leads to similar crop yield. To answer these questions, the study 
reported here compared the impact of Dipel and Dichlorvos against biological control in 
suppressing P. xylostella infestation levels during October–December and March–May. 
The cropping season October–December was selected for it coincides with high P. 
xylostella infestation levels according to the established patterns, whereas March-May 
season coincides with low pest densities. Since this study also compared crop yield from 
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the different insecticide application regimes and biological control treatments, it provides 
important baseline data for understanding infestation levels that can be tolerated without 
application of insecticides, which is useful for determination of action and economic 
thresholds in the future.  
 
3.3 Material and Methods 
The details about the experimental site, experimental design, treatments and the 
application regime of insecticides are provided in Chapter 2. 
 
3.3.1 Data analysis 
As only 10 plants were scouted every week (and sampled in control plants) out of 750 
plants in each plot, it is reasoned that P. xylostella infestations per plant could not be 
influenced by the 1.33 % of the sampled plants per week. Therefore, Analysis of Variance 
(ANOVA) was chosen as an appropriate method of analysis. Prior to ANOVA the data 
were checked for normality using Shapiro-Wilks’ test and for homogeneity of variance 
using Levene’s test. As data for % of multiple heads and % marketable plants were not 
normally distributed, the data were square-root transformed prior to analysis. One-way 
(ANOVA) were performed to compare 1) P. xylostella infestation levels within a week, 
and 2) across the season; 3) % multiple heads; and 4) cabbage weights between treatments. 
Where significant differences were detected, the means were compared using Fisher’s 
protected least significant difference (LSD) test. Linear regression was used to determine 
the relationship between infestation levels and the proportion of plants infested. Prior to 
analysis, the data were square-root transformed. The statistical analyses were performed at 
5 % level of significance (Statistica, 2013).  
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3.4 Results 
3.4.1. Infestation levels during October–December 2011 
During the October–December season (Table 3.1), P. xylostella infestation levels were 
similar across the treatments (F6, 273 = 1.1617; P = 0.3271) in week 1 of the experiments. 
However, after application of insecticides in week 1, infestation levels were significantly 
(F6, 273 = 8.4329; P < 0.001) high only on the control treatment in week 2. But, in week 3, P. 
xylostella infestation levels were significantly high (F6, 273 = 49.201; P < 0.001) on 
Dichlorovos2 followed by Dipel2, then control and weekly applications of Dichlorvos 
(Dichlorvos1 and Dichlorvos3), and least on weekly applications of Dipel (Dipel1 and 
Dipel3). Again after application of insecticides in week 3, infestation levels were 
significantly high (F6, 273 = 31.306; P < 0.001) on the control in week 4, followed by 
Dichlorvos2, then Dichlorvos1 and Dichlorvos3, and least on the three Dipel treatments. 
Although infestation levels declined sharply in the control treatment in week 5, they 
remained significantly high (F6, 273 = 23.974; P < 0.001) relative to Dichlorvos2 and the rest 
of the treatments. Despite the application of insecticides in week 5, infestation levels from 
plots that were sprayed with Dichlorvos at bi-weekly intervals were not significantly 
different from the untreated control (Table 3.1), which declined significantly after week 6. 
Infestation levels recorded from control and bi-weekly application of Dichlorvos were 
however significantly higher (F6, 273 = 24.992; P < 0.001) than the rest of the treatments 
during week 6. In week 7, infestation levels were significantly high (F6, 273 = 20.463; P < 
0.001) in all the Dichlorvos treatments followed by the control, and least on all Dipel 
treatments. In week 8, infestation levels were significantly high (F6, 273 = 16.266; P < 0.001) 
in Dichlorvos1 and Dichlorvos3 followed by control, Dichlorvos2 and Dipel2, and least on 
Dipel1 and Dipel3. Despite infestation levels dropping to 0.88 P. xylostella per plant in the 
control treatment in week 9, infestations were not significantly different to Dichlorvos 
treatments, but were significantly high (F6, 273) = 7.8941; P < 0.001) compared Dipel 
treatments. However, infestation levels were not significantly different (F6, 273 = 1.8740; P = 
0.0854) among all treatments in week 10.  
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Table 3.1: Mean (± S.E.) numbers of Plutella xylostella larvae and pupae at weekly intervals collected cabbage plants not treated 
with insecticide (Control) and from plants subjected to insecticidal applications of Dipel or Dichlorvos at various treatment 
intervals during October–December 2011. 
Time  
(in weeks)  
Control Dipel1 Dichlorvos1 Dipel2 Dichlorvos2 Dipel3 Dichlorvos3 
1 0.78 ± 0.16a 1.53 ± 0.27ab 1.03 ± 0.19ab 1.3 ± 0.22ab 1.38 ± 0.17ab 1.33 ± 0.36ab 1.3 ± 0.18ab 
2 2.15 ± 0.42a 0.53 ± 0.15b 0.83 ± 0.13b 0.35 ± 0.08b 0.48 ± 0.09b 0.85 ± 0.24b 0.65 ± 0.14b 
3 12.55 ± 1.77bc 0.7 ± 0.22d 11.38 ± 1.16c 15.58 ± 0.95b 22.5 ± 1.6a 0.45 ± 0.13d 10.88 ± 0.9c 
4 14.5 ± 1.5a 0.85 ± 0.23d 5.1 ± 0.47c 1.43 ± 0.58d 9.2 ± 1.71b 0.48 ± 0.18d 4.48 ± 0.32c 
5 5.55 ± 0.77a 0.75 ± 0.31cde 1.7 ± 0.21cd 0.65 ± 0.19de 3.8 ± 0.45b 0.4 ± 0.26e 1.8 ± 0.22c 
6 4.33 ± 0.69a 0.08 ± 0.04c 2.38 ± 0.35b 0.38 ± 0.15c 4.78 ± 0.62a 0.15 ± 0.07c 1.95 ± 0.26b 
7 2.0 ± 0.26b 0.25 ± 0.09c 4.5 ± 0.93a 0.55 ± 0.16c 4.1 ± 0.36a 0.13 ± 0.06c 4.03 ± 0.46a 
8 2.05 ± 0.51b 0.18 ± 0.08c 3.83 ± 0.66a 0.88 ± 0.22bc 1.7 ± 0.33b 0.00 ± 0.00c 4.85 ± 0.77a 
9 0.88 ± 0.26a 0.38 ± 0.12b 1.23 ± 0.17a 0.38 ± 0.09b 1.03 ± 0.21a 0.10 ± 0.05b 1.33 ± 0.19a 
10 0.53 ± 0.20 0.18 ± 0.07 0.18 ± 0.11 0.05 ± 0.03 0.25 ± 0.14 0.13 ± 0.06 0.30 ± 0.10 
Means in a row with the same letter are not significantly different at P = 0.05 Fisher’s LSD. 
1Weekly insecticide applications until one week before harvest. 
2Bi-weekly insecticide applications until one week before harvest. 
3Weekly insecticide applications until cabbage heads formed. 
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3.4.2 Parasitism of Plutella xylostella during October–December 2011 
Four species of indigenous primary parasitic Hymenoptera were recorded from collected 
samples of P. xylostella larvae and pupae during October–December 2011. There were two 
larval parasitoids – Cotesia vestalis (Haliday) and Apanteles halfordi (Ullyett, 1947), both 
Braconidae; a larval-pupal parasitoid – Oomyzus sokolowskii (Kurdjumov) (Eulophidae); 
and a pupal parasitoid – Diadromus collaris (Gravenhorst) (Ichneumonidae). The 
substantial increase in infestation levels during the early stages of crop development during 
October–December 2011 corresponded with lower parasitism levels (<50 %) of P. 
xylostella in the control treatment (Fig. 3.1). The increase in parasitism levels above 50 % 
during week 4 corresponded with a sharp decline in infestations levels in week 5 (Fig. 3.1), 
and their sustenance at high levels thereafter regulated P. xylostella infestation at lower 
levels such that by week 10, infestations per plant dropped to 0.53 (Table 3.1).  
 
3.4.3 Effects of infestations on cabbage quality during October–December 2011 
On average, P. xylostella infestation levels were significantly high (F6, 2793 = 47.296; P < 
0.001) on Dichlorvos2 and control treatments followed by Dichlorvos1 and Dichlorvos3, 
then Dipel2 and least on Dipel1 and Dipel3 during October–December 2011 (Table 3.2). 
However, multiple heads were significantly high (F6, 21 = 2.8512; P = 0.0343) on control 
treatment compared to the rest of the treatments. Similarly, the percentage of marketable 
cabbage heads was significantly low (F6, 21 = 3.5929; P = 0.0131) on control treatment 
compared to the rest of the treatments. Cabbage head weights were significantly different 
(F6, 723 = 44.545; P < 0.001) among treatments; they were higher on Dipel1 and Dipel3 
followed by Dipel2, then Dichlorvos1 and Dichlorvos3 and least on Dichlorvos2 and control.  
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Figure 3.1: Parasitism of Plutella xylostella larvae and pupae at weekly intervals during 
October–December 2011 (dotted line) and March–May 2012 (solid line). 
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Table 3.2: The influence of Dipel and Dichlorvos insecticides applied at different regimes compared to the untreated cabbage 
plants (Control) on mean (± S.E.) number of Plutella xylostella larvae and pupae and cabbage quality (i.e., % multiple heads, % 
marketable heads and cabbage weight) during October–December 2011 and March–May 2012. 
 
Treatments 
October–December 2011 March–May 2012 
Infestation 
per plant 
% multiple 
heads 
% marketable  
Heads 
Cabbage 
weight 
Infestation 
per plant 
% multiple 
heads 
% marketable  
heads 
Cabbage 
weight 
Control 4.53 ± 0.36a 16.19 ± 2.12a 78.29 ± 1.87a 2.00 ± 0.06d 0.86 ± 0.08a 13.2 ± 0.92a
 
76.82 ± 2.7a 3.51 ± 0.06a 
Dipel1 0.54 ± 0.06d 9.21 ± 1.23b 86.69 ± 1.64b 3.24 ± 0.08a 0.03 ± 0.01c 9.82 ± 1.46a 79.97  ± 3.9a 3.67 ± 0.04a 
Dipel2 2.22 ± 0.25c 10.97 ± 1.71b 86.09 ± 1.91b 2.49 ± 0.07b 0.09 ± 0.02c 11.15 ± 1.39a 75.05 ± 3.17a 3.53 ± 0.07a 
Dichlorovos1  3.21 ± 0.24b 11.4 ± 0.98b 85.38 ± 1.13b 2.46 ± 0.10c 0.21 ± 0.03b 13.23 ± 2.18a 67.57 ± 4.04a 3.59 ± 0.06a 
Dichlorovos2 4.86 ± 0.41a 10.55 ± 1.14b 87.09 ± 0.91b 2.18 ± 0.05d 0.25 ± 0.03b 11.61 ± 0.95a 71.88 ± 3.67a 3.57 ± 0.06a 
Dichlorovos3 3.2 ± 0.20b 8.96 ± 1.29b 86.84 ± 1.64b 2.85 ± 0.07c 0.25 ± 0.03b 13.73 ± 1.87a 72.73 ± 4.39a 3.6 ± 0.04a 
Dipel3 0.4 ± 0.06d 10.03 ± 1.3b 86.57 ± 2.12b 3.45 ± 0.10a 0.01 ± 0.01c 10.1 ± 1.17a 73.71 ± 3.4a 3.64 ± 0.07a 
Means in a column with the same letter are not significantly different at P = 0.05 Fisher’s LSD. 
1Weekly insecticide applications until one week before harvest. 
2Bi-weekly insecticide applications until one week before harvest. 
3Weekly insecticide applications until cabbage heads formed. 
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3.4.4 Infestation levels during March–May 2012 
During March–May 2012 (Table 3.3), the trial began with significantly low (F6, 273 = 
2.2026; P = 0.04304) infestation levels on control plants and Dipel3 treatment and highest 
on Dipel1 and Dipel2 and intermediate in the rest of the other treatments (week 1). 
However, after application of insecticides in week 1 infestation levels were significantly 
high (F6, 273 = 10.885; P < 0.001) on control compared to the rest of the treatments in week 
2. In week 3, infestation levels were significantly high (F6, 273 = 4.7822; P < 0.001) on 
control and Dichlorvos2, and least on Dipel1, Dipel3 and Dichlorvos3. After application of 
insecticides in week 3 infestation levels were only significantly high (F6, 273 = 4.1742; P < 
0.001) on the control treatment in week 4. In week 5 infestation levels were significantly 
high (F6, 273 = 3.4198; P = 0.0029) on control and Dichlorvos3 and least on Dipel1, Dipel2 
and Dipel3. In week 6, infestation levels were significantly high (F6, 273 = 6.4388; P < 0.001) 
on control, Dichlorvos2 and Dichlorvos3, and least on Dipel1, Dipel2 and Dipel3. Infestation 
levels were significantly high (F6, 273 = 10.984; P < 0.001) on control plants in week 7, 
which was the first time this season infestation levels on control surpassed 1 P. xylostella 
per plant, and were least on Dipel1 and Dipel3. In week 8 infestation levels remained 
significantly high (F6, 273 = 10.664; P < 0.001) on the control treatment and were absent on 
Dipel1 and Dipel3. While infestation levels remained significantly high (F6, 273 = 6.1873; P < 
0.001) on control treatment in week 9, they were comparable among the rest of the 
treatments. Similarly, infestation levels remained significantly high in weeks 10 (F6, 273 = 
13.743; P < 0.001) and 11 (F6, 273 = 9.0385; P < 0.001) on control treatment, and they were 
comparable among the rest of the treatments.  
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Table 3.3: Mean (± S.E.) numbers of Plutella xylostella larvae and pupae collected on cabbage plants not treated with insecticide 
(Control) and from plants subjected to insecticidal applications of Dipel or Dichlorvos at various treatment intervals during 
March–May 2012 
Time (in weeks)  Control Dipel1 Dichlorvos1 Dipel2 Dichlorvos2 Dipel3 Dichlorvos3 
1 0.03 ± 0.03b 0.30 ± 0.11a  0.20 ± 0.11ab 0.28 ± 0.09a 0.06 ± 0.04ab 0.00 ± 0.00b 0.15 ± 0.06ab 
2 0.70 ± 0.18a 0.00 ± 0.00b 0.15 ± 0.07b 0.00 ± 0.00b 0.10 ± 0.05b 0.00 ± 0.00b 0.10 ± 0.05b 
3 0.53 ± 0.16a 0.00 ± 0.00c 0.18 ± 0.09bc 0.18 ± 0.09bc 0.30 ± 0.11ab 0.00 ± 0.00c 0.05 ± 0.04c 
4 0.45 ± 0.18a 0.00 ± 0.00b 0.13 ± 0.05b 0.13 ± 0.5b 0.13 ± 0.5b 0.00 ± 0.00b 0.03 ± 0.03b 
5 0.48 ± 0.19a 0.03 ± 0.03c 0.15 ± 0.07bc 0.00 ± 0.00c 0.20 ± 0.09bc 0.05 ± 0.04c 0.33 ± 0.11ab 
6 0.73 ± 0.17a 0.00 ± 0.00c 0.30 ± 0.12bc 0.05 ± 0.04c 0.48 ± 0.10ab 0.05 ± 0.04c 0.55 ± 0.18ab 
7 1.55 ± 0.33a 0.05 ± 0.05c 0.40 ± 0.12bc 0.18 ± 0.06bc 0.60 ± 0.19b 0.00 ± 0.00c 0.38 ± 0.11bc 
8 1.23 ± 0.28a 0.00 ± 0.00d 0.38 ± 0.13bc 0.18 ± 0.07cd 0.18 ± 0.06cd 0.00 ± 0.00d 0.55 ± 0.14b 
9 0.93 ± 0.33a 0.00 ± 0.00b 0.20 ± 0.09b 0.03 ± 0.03b 0.08 ± 0.04b 0.00 ± 0.00b 0.13 ± 0.06b 
10 1.15 ± 0.27a 0.03 ± 0.03b 0.05 ± 0.04b 0.03 ± 0.03b 0.10 ± 0.08b 0.05 ± 0.04b 0.10 ± 0.05b 
11 1.75 ± 0.52a 0.00 ± 0.00b 0.13 ± 0.05b 0.00 ± 0.00b 0.55 ± 0.18b 0.00 ± 0.00b 0.40 ± 0.10b 
Means in a row with the same letter are not significantly different at P = 0.05 Fisher’s LSD. 
1Weekly insecticide applications until one week before harvest. 
2Bi-weekly insecticide applications until one week before harvest.  
3Weekly insecticide applications until cabbage heads formed. 
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3.4.5 Parasitism of P. xylostella during March–May 2012 
Three species of primary parasitoids – C. vestalis, O. sokolowskii and D. collaris were 
recorded on P. xylostella larvae and pupae during March–May 2012. However, this season 
started with high parasitism levels compared to the October–December 2011 season (Fig 
3.1). Plutella xylostella infestation levels during this season were much lower compared to 
the previous season. There were only 4 occasions that infestation levels exceeded 1 P. 
xylostella per plant this season (Table 3.3), which was associated with parasitism levels 
falling below 50 %.  
 
3.4.6 Effects of infestations on cabbage quality during March–May 2012 
On average, P. xylostella infestation levels were significantly high (F6, 3073 = 59.086; P < 
0.001) on control followed by Dichlorvos treatments then Dipel treatments during March–
May 2012 (Table 3.2). However, there were no significant differences (F6, 21 = 1.1395; P = 
0.3761) in the percentage of multiple heads among the treatments. Similarly, there were no 
significant differences (F6, 21 = 1.1579; P = 0.3668) in the percentage of marketable plants 
and cabbage weights (F6, 717 = 0.8328; P = 0.5447) among the treatments.  
 
3.4.7 Relationship between infestation levels and proportion of plants infested 
Since crop infestations by P. xylostella were much higher on the control treatment 
during October–December 2011 than during March–May 2012 (Tables 3.1 and 3.2), the 
relationship between infestation levels and proportion of plants infested can be clearly 
modelled from the data set of the former season. A significantly positive relationship (r2 = 
0.7859; F1, 54 = 198.2241; P < 0.001; y = 0.192 + 0.2289x; Fig. 2.2) was observed between 
proportion of plants infested and infestation levels up to 4 P. xylostella per plant. At all 
infestations levels above 4 P xylostella per plant, 100 % of the sampled plants were 
infested, hence all this data was excluded from the above analysis. 
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r2 = 0.7859; P < 0.001; y = 0.192 + 0.2289x
 
Figure 3.2: The relationship between Plutella xylostella infestation levels and the 
proportion of cabbage plants that were infested on untreated cabbage plants (Control).  
 
3.5 Discussion 
Although it is widely recognised that successful cultivation of Brassica crops depends in 
part on good suppression of P. xylostella population density (Talekar and Shelton, 1993; 
Furlong et al., 2013), it remained undetermined how low infestation levels need to be 
maintained in South Africa in order to maximise crop quality. An answer to this question is 
very important now that growers are under pressure to reduce insecticide inputs to prevent 
development of widespread insecticide resistance in P. xylostella. Although we did not 
specifically investigate action and economic thresholds for P. xylostella, this study provides 
information on the control of this pest using a combination of chemical and biological 
control specifically looking at infestation levels that can be tolerated, and the time during 
growing season can justify regular application of insecticides.  
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Previous studies have shown that P. xylostella enters a population outbreak phase every 
spring if insecticides are not applied, which results in severe crop damage (Nofemela and 
Kfir, 2005; Nofemela, 2010). In this study, we showed that weekly application of Dipel is 
necessary, especially in the first half of October–December season, to maximise yield. 
Since infestation levels and cabbage head weights were similar when Dipel was applied 
every week until crop harvest (Dipel1) and when applied every week until cabbage head 
formation (Dipel3), these results suggest that there is no need to apply the insecticide up to 
crop harvest, which can save growers a lot of money in insecticide and its application costs 
estimated at US$ 63.13 per 500 g and US$ 8.05 per ha (Ayalew, 2006), respectively. In 
addition, judicious applications of insecticides prolong their efficacy (Sarfraz and Keddie, 
2005). The period November–May has been shown to correspond with low incidence of P. 
xylostella (Nofemela and Kfir, 2005; Nofemela, 2010), which explains why infestation 
levels did not increase when Dipel application was discontinued (Dipel3). Further evidence 
for low incidence of P. xylostella from November is obtained in the control treatment, as 
infestations levels declined sharply from week 5 in association with high parasitism (>50 
%) levels.  
The clear-cut differences in infestation levels observed in all treatments during the first 
half of the crop season compared to the second half (Table 3.1) indicate the necessity to 
abate infestation levels early in the season during October–December. For instance, the 
significant differences in infestation levels observed between Dipel2 and both Dipel1 and 
Dipel3 on weeks when the insecticide was not applied in the former treatment in the first 
half of the season were not observed in the second half. As a consequence of significantly 
higher infestations in Dipel2 compared to both Dipel1 and Dipel3, crop yield in the former 
treatment was lower. Despite weekly application of the insecticide in Dichorvos1 and up to 
cabbage head formation in Dichlorvos3, infestation levels were consistently higher 
compared to the Dipel treatments, even Dipel2, resulting in cabbage yield to rank third in 
these treatments. Although Dichlorvos is approved for use in Brassica crops against P. 
xylostella in South Africa (Anonymous, 2007), the results of this study suggest that this 
insecticide is less effective in suppressing the pest than Dipel. Since Dichlorvos is known to 
dissipate fairly quickly on the plant surface such that it is recommended to be applied up to 
2 days before harvest (Anonymous, 2007), the pest is able to successfully re-infest the crop 
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within a week after application. Thus, an inappropriate management practice is to apply 
Dichlorvos at bi-weekly intervals (Dichlorvos2) during periods of high infestation levels. 
For instance, infestation levels and cabbage yield on Dichlorvos2 were similar to the control 
treatment during the October–December season.  
Although peak infestation levels observed on control plants and Dichlorvos2 treatment 
during October in this study were much lower than the 74 and 54 P. xylostella per plant 
recorded in previous studies (Kfir, 1997; Nofemela and Kfir, 2005), the fact that infestation 
levels increased substantially during the initial stages of crop development resulted in the 
lowest yield compared to treatments that kept infestation levels low (i.e., <1 P. xylostella 
per plant per week). Because the proportion of plants infested increased as a function of 
infestation levels up to 4 P. xylostella per plant, treatments (e.g. Dipel1 and Dipel3) that 
consistently maintained infestation levels <1 P. xylostella per plant had a lower (<40 %) 
proportion of plants infested. The emphasis on infestation levels <1 P. xylostella is made 
here because such infestation levels are regarded as too low to negatively affect cabbage 
quality and yield (Furlong et al. 2004; Ayalew 2011). Thus, weekly applications of Dipel 
during the first half of the cropping season during October–December protected the crop 
from P. xylostella damage, as the proportion of plants infested was low.  
Although infestation levels were significantly high on control relative to other treatments 
during March–May, the percentage of marketable cabbage heads and yield were similar in 
all treatments. This is because infestation levels were <1 P. xylostella per plant in all 
treatments, except during the second half of the season on control plants when infestation 
levels increased >1 but remained <2 P. xylostella per plant. Thus, the proportion of plants 
infested were relatively low (<40 %) even on the control treatment in the initial stages of 
crop development, and the slight increase in infestation levels in the second half of the 
season did not cause any economic damage, as the damage caused by the pest was clearly 
confined to the outside leaves. The maintenance of infestation levels <1 P. xylostella per 
plant on the control during the first half of the season was evidently due to parasitism levels 
starting and maintained at >50 %. Even when parasitism levels fell to <50 % during the 
second half of the season, infestation levels did not increase as much as they did during the 
first half of the October–December season when parasitism levels were also low. If we 
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consider that infestation levels also increased during the first half of the October–December 
season when an insecticide was either not applied (Dipel2) or it was ineffective in 
suppressing high pest densities (Dichlorvos treatments), during the March–May season no 
significant increases in infestation levels were observed. These findings agree with 
previous studies that P. xylostella occurs at lower densities during March–May compared to 
the period October–December as evidenced by synthetic sex pheromone trap catches of 
male moths, whereby both trap catches and infestations occurred at lower densities during 
November–August than during September–October (Nofemela and Kfir, 2005; Nofemela, 
2010). Because parasitism levels were lower during the second half of the March–May 
season, the failure of pest infestation levels to increase may signal declining field 
temperatures such that population densities of the pest and its parasitoids were restricted 
(Nofemela, 2010).  
In our opinion, the benefit of insecticide application should always outweigh the cost of 
the insecticide and its application. Thus, there is an economic benefit for applying Dipel on 
a weekly basis during the first half of the October–December season, as failure to do so led 
to P. xylostella population outbreak when the plants were still young which resulted in 
lower yield. However, when natural mortality of P. xylostella was high during March–May 
on the control treatment and as consequence infestation levels were low, there was no 
economic benefit derived from weekly application of Dipel. Thus, the costs of the 
insecticide and its application outweighed the benefit of applying the chemical. To ensure 
that the pest population densities remain below damaging levels, growers should monitor 
the pest populations by using synthetic sex pheromone traps (Nofemela, 2010) and/or scout 
the field for immature stages of P. xylostella. This study provides important baseline data 
for developing action and economic thresholds for P. xylostella in South Africa.  
Because insecticides were applied 3 weeks after cabbage transplants, about 11 % 
(averaged across treatments and both seasons) of the plants produced multiple heads of low 
marketability, which can be a very large number in large fields. Therefore, future studies 
should investigate if early application of a systemic insecticide will substantially reduce 
proportion of multiple heads. In addition, while aphids [Myzus persicae (Sulzer), and 
Brevicoryne brassicae (L.)] and the cabbage webworm [Hellula undalis Fabricius] were 
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recorded on very few occasions during this study, and when present they occurred at very 
low densities, they have a potential to devastate Brassica crops (Munthali, 2009; Nofemela 
and Mosiane, 2011). Thus, future studies should also focus on a holistic management 
approach of cabbage pest complex. 
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4 
Effects of a selective and a broad-spectrum insecticide on 
parasitism rates of Plutella xylostella and species richness of 
its primary parasitoids 
 
4.1 Abstract 
The direct impact of broad-spectrum insecticides on primary parasitoids is considered a 
major contributing factor to the high pest status of Plutella xylostella in many parts of the 
world as mentioned above. As a result, selective insecticides are often put forward as a 
solution to the problem of integrating chemical and biological control methods. However, 
there is paucity of studies that have directly contrasted effects of selective and broad-
spectrum insecticides on parasitism rates and parasitoid species richness in the field. We 
compared effects of weekly and bi-weekly application regimes of a selective insecticide 
(Dipel) and a broad-spectrum insecticide (Dichlorvos) on parasitism rates of P. xylostella 
and species richness of its primary parasitoids against unsprayed control for two cropping 
seasons. Parasitoids were reared from immature P. xylostella in all treatments, and 
parasitism rates were not significantly different among the treatments. During October–
December 2011, four species of parasitic Hymenoptera [Cotesia vestalis (Haliday) 
(Braconidae), Apanteles halfordi (Ullyett 1947) (Braconidae), Oomyzus sokolowskii 
(Kurdjumov) (Eulophidae), and Diadromus collaris (Gravenhorst) (Ichneumonidae)] were 
reared from P. xylostella larvae and pupae, whereas three parasitoid species (C. vestalis, O. 
sokolowskii and D. collaris) were reared during March–May 2012. Cotesia vestalis 
accounted for >80 % of total parasitism rates in all treatments. In both seasons, parasitoid 
species richness was highest on the control treatment. Although two parasitoid species were 
recorded on all Dipel and Dichlorvos treatments during October–December 2011, only one 
parasitoid species was recorded on Dipel treatments during March–May 2012 compared to 
two species in Dichlorvos treatments. While insecticide application frequency had no 
significant impact on parasitoid species richness, insecticide type had an effect. Since P. 
xylostella infestations were significantly lower in Dipel treatments in both seasons, this 
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study suggests that a greater impact of a selective insecticide on the pest population density 
can affect parasitoid species richness more than the direct impact of a broad-spectrum 
insecticide with a short crop residual period.  
 
Key words: diamondback moth; Dipel; Dichlorvos; residual period; natural enemies; host 
density; host age structure; integrated pest management 
 
4.2 Introduction 
The ecosystem service of pest control provided by natural enemies of insect pests 
worldwide is estimated to be worth over US$ 400 billion a year (Constanza et al., 1997). 
Primary parasitoids are a major mortality factor of insect pests in many agroecosystems 
(DeBach and Rosen, 1991; Hawkins et al., 1999). Since each life stage of a holometabolous 
insect pest is essentially a niche, several primary parasitoid species can be reared on an 
insect herbivore population at any given moment (Godfray, 1994; Hawkins 1994). Since 
parasitoid species that attack different life stages of their common host population, referred 
to as functional complementary (Wilby et al., 2005), do not engage in direct competition, 
every parasitized host adds to total parasitism and may lead to a positive relationship 
between primary parasitoid diversity and pest population suppression (Casula et al., 2006; 
Snyder et al., 2006; Straub et al., 2008). Thus, conservation of parasitoid guilds can 
enhance biological control.  
However, parasitoids may not always effectively suppress insect pest populations, which 
makes insecticides to continue to be an important component of integrated pest 
management (IPM) programmes (Castle and Naranjo, 2009; Zalucki et al., 2009). 
However, the general lack of proper guidelines for integrating chemical and biological 
control methods (Giles et al., 2003; Weinzierl, 2009; Nofemela, 2013a) makes it difficult to 
judiciously use broad-spectrum insecticides and thus conserve parasitoid diversity (Furlong 
et al., 2008; Maalouly et al., 2013). Furthermore, indiscriminate application of these 
insecticides may elevate pest densities if a pest population is resistant or less susceptible to 
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administered doses than the parasitoids (Kfir, 2002; Furlong et al., 2008; Bommarco et al., 
2011). Although judicious application of insecticides in favour of methods that promote 
natural enemies is one of the central tenets of IPM (Allen and Rajotte, 1990), insecticide 
usage throughout the world has remained unchanged (Devine and Furlong, 2007; 
Bommarco et al., 2011). This may be due in part to increased availability over the decades 
of selective insecticides, i.e., chemicals that only kill target insect pests and spare natural 
enemies (Cross, 2012). Studies have shown that application of selective insecticides can be 
compatible with biological control using insect predators (Musser and Shelton, 2003; 
Torres and Ruberson, 2007; Nicholas et al., 2005; Bernardi et al., 2013) and parasitoids 
(Furlong et al., 2008; Liu et al., 2012). However, conservation of diverse assemblages of 
parasitoid guilds using selective insecticides can be complicated by non-target effects. For 
example, if the insecticide kills a large proportion of the host life stages that parasitoids 
depend on for reproduction or it radically reduces incidence of advanced life stages that 
other parasitoid species depend on (Waage et al., 1985; Idris and Grafius, 1993; Chilcutt 
and Tabashnik, 1997). Thus, indiscriminate application of selective insecticides can conflict 
with conservation of parasitoid diversity.  
Immature stages of Plutella xylostella are attacked by a diverse guild of indigenous 
parasitoids in South Africa (Kfir, 1998). Although its pest status is low in South Africa 
compared to countries of similar climate (Kfir, 2011), parasitoids are unable to keep its 
populations in check during spring months (September and early October) which 
necessitates application of insecticides (Nofemela and Kfir, 2005; Nofemela, 2010). 
However, parasitism rates increase from late October due to numerical response of key 
parasitoid species to levels that are sufficiently high to maintain the pest population density 
largely below one P. xylostella per plant per week from November–May (Nofemela, 2010; 
2013a). Therefore, it is imperative to determine which insecticide type (selective vs. broad-
spectrum) provides the least disturbance on parasitoid abundance and diversity. In this 
study, we compared the effects of a selective insecticide (Dipel) and a broad-spectrum 
insecticide (Dichlorvos) on parasitism rates of P. xylostella and species richness of its 
primary parasitoids against a control treatment. Dipel selectively kills larvae of 
Lepidoptera. Furthermore, we investigated the effects of application regimes of either 
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insecticide type on host density, and whether low host densities influences parasitoid 
species richness. 
 
4.3 Material and Methods 
The details about the experimental site, experimental design, treatments and the 
application regime of insecticides are provided in Chapter 2. 
 
4.3.1 Data analysis 
One-way analyses of variance (ANOVA) were performed to compare 1) parasitism 
rates % and, 2) P. xylostella density between treatments. Prior to ANOVA, the data were 
checked for normality using Shapiro-Wilks’ test and for homogeneity of variance using 
Levene’s test. The data for parasitism rates were square-root transformed prior to analysis. 
Where significant differences were detected, the means were compared using Fisher’s 
protected least significant difference (LSD) test. The statistical analyses were performed on 
Statistica (2013) at 5 % level of significance.  
 
4.4 Results 
4.4.1 Parasitism of P. xylostella 
Immature P. xylostella were parasitized in all treatments during October–December 
2011 (Fig. 4.1) and March–May 2012 (Fig. 4.2). Parasitism rates followed a similar trend in 
all treatments during the two seasons. They were lower (<50 %) in the early stages of crop 
development during October–December 2011 until about 5th week when they increased 
above 50 % and were largely maintained above this level until the end of the season (Fig. 
4.1).  
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Fig. 4.1: The influence of different insecticides and spray regimes on incidence of Plutella 
xylostella immature stages (dotted line) and parasitism levels (solid line) during October–
December 2011 
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Fig. 4.2: The influence of different insecticides and spray regimes on incidence of Plutella 
xylostella immature stages (dotted line) and parasitism levels (solid line) during March–
May 2012 
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In contrast, initial parasitism levels were high (>50 %) during March–May 2012 until 
about 5th week when they started to decline below 50 % (Fig. 4.2). No significant 
differences in parasitism levels were observed among the treatments during October–
December 2011 (F6, 57 = 1.59; P = 0.1666) and March–May (F6, 40 = 1.71; P = 0.1448) 
seasons due to wide variation in most treatments. Thus, there is no evidence that 
application of either insecticide type and application regime hindered parasitism of the host.  
 
4.4.2 Parasitoid species richness 
Four species of indigenous primary parasitic Hymenoptera were recorded from P. 
xylostella during this study: Cotesia vestalis (Haliday) (Braconidae), a larval parasitoid; 
Apanteles halfordi (Ullyett, 1947) (Braconidae), a larval parasitoid; Oomyzus sokolowskii 
(Kurdjumov) (Eulophidae), a larval-pupal parasitoid; and Diadromus collaris 
(Gravenhorst) (Ichneumonidae), a pupal parasitoid. During October–December 2011, all 
four parasitoid species were recorded from the control treatment; only C. vestalis and A. 
halfordi were recorded on plants treated with Dipel1; and only C. vestalis and D. collaris 
were recorded on plants treated with Dipel2, Dipel3, Dichlorvos1, Dichlorvos2 and 
Dichlorvos3 treatments (Fig. 4.3).  
During the March–May season, only C. vestalis, O. sokolowskii and D. collaris were 
recorded from P. xylostella larvae and pupae. However, the reason for the complete 
absence of A. halfordi during this season is not clear, as it is normally recorded albeit at low 
levels (Nofemela 2013b). All three parasitoid species were again recorded from the control 
treatment; only C. vestalis was recorded on plants treated with Dipel1, Dipel2 and Dipel3; 
and both C. vestalis and O. sokolowskii were recorded from plants treated with Dichlorvos1, 
Dichlorvos2 and Dichlorvos3 (Fig. 4.4).  
In both seasons, C vestalis was the dominant parasitoid species accounting for >80 % of 
total parasitism levels in all treatments (Figs. 4.3 & 4.4). At face value, the numerical 
dominance of C. vestalis suggests that this parasitoid species may not be negatively 
affected by insecticide applications than the other parasitoid species active in the system. 
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However, C. vestalis is known to be very efficient in utilizing younger P. xylostella instars 
(Kawagushi and Tanaka, 1999; Nofemela, 2004) such that at low host densities its high 
efficiency limits availability of hosts for those parasitoid species attacking advanced host 
life stages (Nofemela 2013b). Thus, it becomes vital to establish if insecticide applications 
altered the age-structure of the host population to the advantage of C. vestalis by promoting 
preponderance of younger P. xylostella life stages? 
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1 
Fig. 4.3: Species composition and relative abundance of Plutella xylostella parasitoids in different treatments during October–2 
December 2011 3 
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5 
Fig. 4.4: Species composition and relative abundance of Plutella xylostella parasitoids in different treatments during October- 6 
December 2011 7 
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4.4.3 Plutella xylostella age-structure and population density 
During October–December 2011, the age-structure of P. xylostella (Fig. 4.5) 
suggests that the pest occurred in overlapping generations, as 1st instar larvae and the 
pupae (as well as instars in-between) were recorded in all treatments nearly throughout 
the season. However, there was a preponderance of 1st instars in the first half of the 
season in most treatments, which suggests that the pest population was increasing (Fig. 
4.1). As the pest population declined later in the season (Fig. 4.1), advanced life stages 
of P. xylostella became more abundant (Fig. 4.5). The continuous presence of all the 
pest life stages implies that insecticide applications did not alter its age structure. Thus, 
there is a theoretical chance that each parasitoid species active in the system can find 
hosts. However, infestation levels were significantly lower (F6, 2793 = 47.296; P < 0.001) 
on weekly applications of Dipel – Dipel3 (mean ± SE) (0.4 ± 0.06a) and Dipel1 (0.54 ± 
0.06a) – compared to its bi-weekly application – Dipel2 (2.22 ± 0.25b) – and weekly 
applications of Dichlorvos – Dichlorvos1 (3.21 ± 0.24c) and Dichlorvos3 (3.2 ± 0.20c) – 
control (4.53 ± 0.36d) and Dichlorvos2 (4.86 ± 0.41d). Thus, despite the presence of 
different immature stages of P. xylostella, the abundance of each life stage varied 
greatly between treatments.  
During the March–May 2012 season, there was a general abundance of older instars 
of the pest in all treatments (Fig. 4.6), which implies that the pest population density did 
not increase substantially between weeks as was observed during early part of the 
October–December 2011 season (Fig. 4.1). However, the incidence of P. xylostella 
pupae was very low in the other treatments (except for the control where pupae were 
recorded nearly throughout the season) compared to the previous season. Furthermore, 
there were more instances where no P. xylostella immature stages were recorded on 
Dipel1 and Dipel3 treatments. Infestation levels in all treatments were much lower 
during the March–May season (Fig. 4.2) compared to the October–December season 
(Fig. 4.1), which suggests that the pest pressure at landscape level was low. 
Nonetheless, infestation levels were significantly higher (F6, 3073 = 59.086; P < 0.001) on 
control (0.86 ± 0.08a) followed by Dichlorvos1 (0.21 ± 0.03b), Dichlorvos2 (0.25 ± 
0.03b) and Dichlorvos3 (0.25 ± 0.03b) and least on Dipel1 (0.03 ± 0.01c), Dipel2 (0.09 ± 
0.02c) and Dipel3 (0.01 ± 0.01c).  
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Fig. 4.5: Relative abundance of Plutella xylostella life stages on cabbage plants after 
different treatments during October–December 2011. The treatments are arranged 
vertically from top left as Control, Dipel1, Dipel2, Dichlorvos1, Dichlorvos2, Dichlorvos3 
and Dipel3.  
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Fig. 4.6: Relative abundance of Plutella xylostella life stages on cabbage plants after 
different treatments during March–May 2012. The treatments are arranged vertically 
from top left as Control, Dipel1, Dipel2, Dichlorvos1, Dichlorvos2, Dichlorvos3 and 
Dipel3.  
 
4.5 Discussion 
Parasitism rates of P. xylostella were comparable in all treatments during both 
seasons. They followed a general pattern in both seasons; they started low (<50 %) and 
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increased >50 % as the October–December season progressed, whereas initial 
parasitism levels were high (>50 %) and declined < 50 % towards the end of March–
May season. This pattern in parasitism levels is well established in South Africa, and it 
has shown to be due to positive effect of temperature on developmental rates of the 
parasitoids (Nofemela, 2010). Although parasitoids were able to colonize all treatment 
plots despite insecticide applications and application regimes, C. vestalis was dominant 
in all treatments in both seasons. While lower parasitism rates of P. xylostella by C. 
vestalis were observed when broad-spectrum insecticides such as Deltamethrin were 
routinely applied (Furlong et al., 2008), the results of this study indicated that 
Dichlorvos had no significant effect on parasitism rates. Since Dichlorvos has a very 
short residual period of not more than two days on the crop (Anonymous, 2007), the 
disturbance caused by its application on the parasitoid population appears to be short-
lived, as the crop is re-colonized by the pest and its parasitoids within a week of 
application. However, pupal stages of parasitoids are invulnerable to most insecticide 
applications (Shi et al., 2013). Furthermore, applications of Dipel did not interfere with 
parasitism rates of the pest, as to be expected when applications of a selective 
insecticide do not eliminate a pest population (Furlong et al., 2008; Liu et al., 2012). 
However, application of both insecticide types reduced parasitoid diversity irrespective 
of their application regimes. 
Although all P. xylostella immature stages were observed in all the treatments, their 
incidence and thus infestation levels differed greatly between treatments. During 
October–December, P. xylostella infestation levels were significantly lower in Dipel1 
and Dipel3 treatments followed by Dipel2, then Dichlorvos1 and Dichlorvos3 and higher 
in Dichlorvos2 and control treatments. These results imply that parasitoids had a greater 
chance of encountering hosts in the control and Dichlorvos2 treatments and least on 
Dipel1 and Dipel3. This is especially true on the incline phase of the pest population 
depicted by the preponderance of 1st instar host larvae. While parasitoid species richness 
was highest (four species) on control, only two species were recorded from the 
Dichlorvos2 treatment despite similar infestation levels. In both control and Dichlorvos2 
treatments, C. vestalis accounted for more than 90 % of total parasitism rates whereas 
D. collaris was responsible for about 5 %. Since there was a similar sampling effort in 
both control and Dichlorvos2 treatments, the additional two species recorded on the 
control treatment may indicate lack of disturbance on parasitoid populations, in which 
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case both A. halfordi and O. sokolowskii that occurred in low densities at the landscape 
level parasitized a lot more hosts. The fact that only C. vestalis and D. collaris were also 
recorded in both the selective (Dipel2 and Dipel3) and the broad-spectrum (Dichlorvos1 
and Dichlrovos3), insecticide treatment illustrates that both A. halfordi and O. 
sokolowskii occurred at low densities at landscape level. Thus, the effects of the 
insecticides on the pest population density may have made it even harder to sample 
hosts (i.e., sampling effect) parasitized by A. halfordi and O. sokolowskii. The 
replacement of D. collaris by A. halfordi in the Dipel1 treatments cannot be immediately 
explained, as the age structure of the pest in that treatment was almost identical to 
others (Fig. 4.3), and that infestation levels were similar to the Dipel3 treatment.  
During the March–May season, the incidence of P. xylostella was highest on the 
control treatment, followed by Dichlorvos treatments and least on the Dipel treatments. 
However, infestation levels were significantly low compared to the spring season across 
all treatments, and they were about a fifth of what they were during October–December 
on the control treatment. The lower infestation levels in the other treatments compared 
to the control indicate a strong positive interaction between parasitism rates and 
insecticide application with this relationship being stronger in Dipel treatments. Three 
species of parasitoids were recorded from the control treatment, followed by two 
species in the Dichlorvos treatments, and one species in the Dipel treatments. The 
complete absence of A. halfordi during this period is unusual, although it has shown to 
be sporadic (Nofemela and Kfir, 2005; Nofemela, 2013b). Assuming that all three 
parasitoid species (C. vestalis, O. sokolowskii and D. collaris) were active at the 
landscape level, a plausible explanation for the higher parasitoid species richness on the 
control treatment is that the pest incidence was higher. It is well established that direct 
and indirect competition between parasitoid species becomes intense when hosts are 
limited. Under these conditions, the parasitoid species that attack younger host life 
stages gains an advantage to an abundant host resource over those species attacking 
advanced host stage (Price, 1972; Chesson, 1991; Nofemela, 2013b), provided the latter 
cannot successfully utilize parasitized hosts (Briggs, 1993; Oishi and Sato, 2008). Since 
C. vestalis is very efficient in utilizing younger P. xylostella instars (Kawagushi and 
Tanaka, 1999; Nofemela, 2004), it has been shown that it limits host availability for O. 
sokolowskii and D. collaris at low host densities (Nofemela, 2013b). Thus, the 
dominance of C. vestalis across all treatments is due to its high efficiency and that it is a 
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superior competitor to O. sokolowskii, which is also its intraguild predator (Nofemela, 
2013b). Despite pupal hosts being recorded nearly throughout the season on the control 
treatment, the fact that O. sokolowskii (which mainly successfully attacks host larvae 
that were missed by C. vestalis) was more abundant during this season implies that only 
a fraction of host pupae were suitable for D. collaris. Hence, D. collaris occurred at 
much lower density relative to O. sokolowskii. The effects of strong interspecific 
interactions between the parasitoids at lower pest densities are even clearer in the other 
treatments. In Dichlorvos treatments that had similar pest incidences, which were 
significantly lower than the control, only C. vestalis and O. sokolowskii were recorded. 
Furthermore, only C. vestalis was recorded in the Dipel treatments, which had the least 
infestation levels. 
Although Dichlorvos is toxic to adult P. xylostella parasitoids (Lin et al. 2007; Wu et 
al., 2007), this insecticide dissipates fairly quickly (Anonymous, 2007) compared to 
Dipel (Haseeb et al., 2004), which degrades in about 4 days due to solar radiation (Côté 
et al., 2001). The difference in persistence of the two insecticides is confirmed by lower 
incidence of P. xylostella in Dipel compared to Dichlorvos treated plots. All the 
parasitoid species recorded in this study spend their pupal stages either in a silken 
cocoon (C. vestalis and A. halfordi) or inside the host pupa (O. sokolowskii and D. 
collaris) and thus do not come into direct contact with insecticides. As there is always a 
resident parasitoid population in each plot, the impact of either insecticide application 
on host density increases parasitoid to host ratio such that parasitism levels remain as 
relatively high as in the control plots.   
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5 
General discussion and conclusion 
 
Plutella xylostella is a serious threat to successful production of cabbage at the 
Department of Correctional Services Baviaanspoort’s farm, and the quality of the 
produce was generally poor despite weekly/bi-weekly applications of broad-spectrum 
insecticides (Cypermethrin, Deltamethrin and Parathion). In 2010, the ARC–Plant 
Protection Research Institute was approached for advice on strategies that can be used 
to suppress the pest population density. Their entomologists have published widely on 
P. xylostella for about two decades. A preliminary study conducted during spring in 
2010 showed that the insecticides named above were no longer effective in suppressing 
the pest populations, which meant that their continued use only increased input costs 
without providing the benefit of controlling the insect pest.  
This study compared the efficacy of two insecticides (Dipel and Dichlorvos) that 
were not previously used in the farm to suppress P. xylostella population densities 
during two seasons (October–December 2011 and March–May 2012) in combination 
with biological control using parasitoids, a previously unrecognised pest control 
method in the farm. It was established that P. xylostella infestation levels were higher 
during October–December 2011 than during March–May 2012 season (Chapter 2) due 
to generally lower (<50 %) parasitism levels at the beginning of the season. This result 
is similar to previous studies that demonstrated that parasitism rates of P. xylostella are 
positively influenced by field temperatures such that when average temperature remains 
above 20 °C parasitism levels are high (Nofemela, 2010). Furthermore, this study 
showed Dipel was more effective in suppressing P. xylostella population density than 
Dichlorvos in both seasons (Chapter 2), while weekly applications of Dipel during 
October–December 2011 were more effective in suppressing the pest population 
densities below 1 P. xylostella per plant per week than the other treatments. Cabbage 
produced from Dipel treatments during October–December 2011 season were bigger 
compared to Dichlorvos and control treatments. However, the cabbage weights were 
similar among the treatments during the March–May season despite the very low P. 
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xylostella infestation levels on Dipel treatments. This was due the fact that infestations 
levels were generally below 1 P. xylostella per plant in all treatments. Thus, there is no 
economic benefit in applying the insecticides on a weekly basis when the pest 
population density is low, and this is especially true when parasitism levels are high. 
This study showed that when parasitism levels are very high during March–May 2012, 
the impact of parasitoids on the pest population is comparable to that of an efficient 
insecticide in terms of protecting the yield. 
Four species of parasitoid Hymenoptera (C. vestalis, A. halfordi, O. sokolowskii and 
D. collaris) were recorded during this study. In both seasons, the parasitoid species 
richness was higher on control than on insecticide treated plots. Although Dichlorvos is 
toxic to adult parasitoids (Lin et al., 2007; Wu et al., 2007), it was interesting to 
observe that parasitoid species richness was not higher in treatments with a selective 
insecticide (Dipel). Since Dichlorvos dissipates in about 2 days on the crop surface 
(Anonymous, 2007), its impact on the parasitoids populations is short-lived. Although 
broad-spectrum insecticides have been shown to negatively impact parasitoid 
population densities and thus parasitism rates (Furlong et al., 2008; Liu et al., 2012), 
use of an insecticide with a short residual period may be the best option considering 
that broad-spectrum insecticides are usually cheaper than specific insecticides such as 
Dipel.  
Cotesia vestalis was the most dominant parasitoid accounting for >80 % of total 
parasitism levels in all treatments. This result is similar to that of previous studies (Kfir, 
1997, Nofemela and Kfir, 2005). Recently, Nofemela (2013a) showed that it is easier to 
estimate parasitism levels from ratios of parasitoid cocoons to infestations, and a 20 % 
ratio is equivalent to 50 % parasitism level. Thus, by scouting the crop for abundance 
of P. xylostella and its parasitoids at least once week, a grower can make an informed 
decision on whether or not to apply an insecticide. By applying insecticides only when 
necessary, growers can delay development of resistance and thus extend efficacy of 
insecticides against the pest (Sarfraz and Keddie, 2005). Thus, by harnessing the impact 
of parasitoids on P. xylostella and only use insecticides as a backup option (Kogan, 
1998) as part of integrated pest management, management of populations of this 
problematic insect pest will become sustainable.   
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